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“Hydrocarbons”
*Hydrocarbon Isomers™




Learning Outcomes:

D Distinguish between the two main categories of isomers—structural
isomers and stereoisomers. -

Cis - — X v=ons -

—

D Differentiate between geometric isomers with cis- and transprefixes.

—_———

D Describe the structural variation in molecules that results in optical
Isomers. j*&\‘J‘
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Starter

What is the Structural formulas
model used using the ball and
here? stick model|
Molecular
formula CH,, CsHy, C;H,,
IUPAC Name: Pentane 2-Methylbutane 2,2-Dimethylpropane

What are the differences among
these compounds?



Introduction

* Hydrocarbon Isomers:

 Some hydrocarbons have the same molecular formula but have different
molecular structures.

Have you ever met a pair of identical twins?
Identical twins have the same genetic_makeup,
vet they are two separate individuals with

different personalities.
Isomers are similar to twins—they have the same
molecular formula, but different molecular
structures and properties. CHs
|
EHg—EHg—CH2—® CH3—CH—CH




Structural Isomers

* Isomers are two or more compounds that have the same molecular
formula but different molecular structures.

* There are two main classes of isomers:
« Ostructural isomers v
«2Stereoisomers L~

-@Geometric Isomers v~

@\I Isom%

J
w2y

NN




Quiz

1. What is the name of two or more compounds with the
same molecular formulas but different molecular
structures?

20, telomeres

% chiral molecules

C isomers CORRECT

<7% Compounds with the same molecular formulas
never have different molecular structures.



Structural Isomers

() Structural isomers have the same themical formul%but their atoms are
bonded in different arrangements.

o

e Structural isomers have different chemical and physical properties.

 The structure of a substance determines its properties.

e N 4
R e A
Gg ' ¢ ¥ @ \\
’ \Q"‘{l" 3 “ & - S s
€v ¢o ¢ © - ¢ ;
Pentane 2-Methylbutane ‘/2,2-Dimethylpropane Lo \>9;\1r3 F"‘W‘C
(bp = 36°C ) Cop = 28°C D (bp = 9°C) P




Quiz

What is thelbest name)for the molecules shown below?

= Q\ﬂ&
$ ® ]
Mt SIS 2
(4 ¢ ¢ :
Pentane 2-Methylbutane 2,2-Dimethylpropane

bp = 36°C “bp = 28°C bp = 9°C
1 isomers (3 stereoisomers
2 Structural isomers 4 geometric isomers
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Check e e w0 ® r’/f\

* Which of the following compounds cannot have different structural

isomers? L W
SQ’VVOJ/UVN, 1{ orned f’o( (73 l L"%

J | \ -
M N KLL’Cl " ‘C___ C“@’Q‘) Prog TR
|
\

A.  CH, o
B.  CcHy, oo
Ipere -
G GHy PP _
D. C.H,O w _C— @f‘“ P room on



Structural Isomers

Isomers are two or more compounds that have the same molecular
formula but different molecular structures.

There are two main classes of isomers:

. @t\rﬁftu\ral isomers >

o stereoisom@/




Stereoisomers

-+ are isomers in which all@oms are bonded in the sa\morder but are arranged
differently in space.

* There are two types of stereoisomers:

—~"Geometric isomers, — ¢ **be ool \f(\ )

X Optical Isomers: “Chirality”, mirror images (right- and left-handed form).

Single covalent bond Double covalent bond

The single-bonded carbons in ethane
are free to rotate around the bond.

The double-bonded carbons in ethene Carbons free to rotate Carbons fixed in position:

ist bei tat d) —_— no rotation possible
resist being rotated. O
2 Ethane




Stereoisomers

* here are two types of stereoisomers:

* One type occurs in aﬁiganes which contain double bonds.
Two carbon atoms with a single bond between them can rotate
freely in relationship to each other.

* However, when a second covalent bond (double bond) is present,
the carbons can no longer rotate; they are locked in place.

Single cJ‘v'al nt bond Double covalent bond

@

Carbons free to rotate Carbons fixed in position:
no rotation possible

Ethane Ethene —
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eometric isomers "~ %"
— ﬁ'\kb{\(

Isomers resulting from different arrangements of groups around a double bond are
= —— e
called geometric isomers.




Quiz

ot in He Sone sid

3. Which term that meang acZossfrom)’s used

to describe and name stereoisomers?

A trans C levo

B |evo D cis



Stereoisomers

Isomers resulting from different
arrangements of groups around a double
bond are called geometric isomers.

* (Cis means the branches are on the
same side, of the double bond

 (trans/'means the branches are across
from each other.

Geometric isomers have different physical

and chemical properties.
3 P IO,

trans-2-Butene (C4Hg)
mp = —106°C
bo = 0.8°C
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Stereoisomers

A 2
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-
Q_ouis Pasteur)discovered two forms of tartaric afid that were mirror
images of each other. B

They were called right- and left-handed forms.

——

Today, these two forms are called d-tartaric acid and /-tartaric acid.

Dextro- means to the right, and levo- means to the left.
_— __/
—_ R

The property in which a molecule exists in a right- and left-handed form
is caIIe -

/!




Chirality

* The property in which a molecule exists in a right- and left-handed form is called
chirality.

L

t-Tartaric acid p-Tartaric acid

Molecules of D-tartaric acid and L-tartaric acid resemble each other in the same way that your right hand and
left hand resemble each other. The reflection of your right hand looks the same as your left hand.




. (Chirality occurs whenever a comp\:}ound contains an asymmetric
carbon. !
% — (. =t

 An asymmetric carbon is a carbof‘\(atom that has four different
atoms or groups of atoms attached to it.

 The four groups can always be arranged in two different ways.



<Optica| Isomers>

* asymmetric carbon: is a carbon atom that has four different atoms or groups
of atoms attached to it.

\,‘;\ro}\;‘cb—: W (0 A3
O\ W
\ |

e




* Isomers that result from different arrangements of four different
groups around the same carbon atom are called optical isomers.

gck\ra\ coarleo n ‘

* Optical isomers ave the same physical and chemical properfiEsD
except in €hemical reactiondywhere chirality is important, such as
enzyme-catalyzed reactions in biological systerm




Optical Isomers

Optical isomers affect light passing through them.

When polarized light passes through a solution containing an optical
isomer, the plane of polarization is rotated to the right by a d-isomer or
to the left by an l-isomer, producing an effect called optical rotation.

Light

- N source T
Linear polarized light Hi -
with one plane of oscillation —

W ale

Polarization filter . D
L-Ala

_ T \
! \/ -
Unpolarized light with vertical passage K

Polarizing

~ Sample
1 ’:_F-'” 1 Angle of
% optical rotation




Quiz

4. The reflection of your right hand looks the same as
your left hand. However, you cannot place your hands
palms down with one on top of the other and have
matching parts lie on top of each other. What
phenomenon does this description refer to?

e

< isomerization 2., optical rotation

B chirality CORRECT 22 polarity



Quiz

5. In which way do optical isomers differ?

A in how they react in some biological systems CORRECT

2.5 in how they react with each other

%in their physical properties

-4 in their chemical properties



Learning Outcomes:

istinguish between the two main categories of isomers—structural
isomers and stereoisomers.

Differentiate between geometric isomers with cis- and transprefixes.
Li{escribe the structural variation in molecules that results in optical

Isomers. N
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